Native uncoupling protein 1 (UCP 1) was purified from rat mitochondria by hydroxyapatite chromatography and identified by peptide mass mapping and tandem mass spectrometry. Native and expressed UCP 1 were reconstituted into liposomes and proton flux through UCP 1 was shown to be fatty acid dependent and GDP-sensitive. In order to investigate the mechanism of action of UCP 1, we determined whether hydrophilic modification of the ω-carbon of palmitate effected its transport function. We show that proton flux was greater through native UCP 1-containing proteoliposomes when facilitated by less hydrophilically modified palmitate (palmitate>ω-methoxypalmitate> ω-hydroxypalmitate with little or no proton flux due to glucose-O-ω-palmitate or undecanesulfonate). We show that non-proton dependent charge transfer was greater when facilitated by less hydrophilically modified palmitate (palmitate/undecanesulfonate>ω-methoxypalmitate> ω-hydroxypalmitate, with no non-proton dependent charge transfer flux due to glucose-O-ω-palmitate). We show that the GDP-inhibitable oxygen consumption rate in brown adipose tissue mitochondria was reversed by palmitate (as expected), but not by glucose-O-ω-palmitate. Our data are consistent with the model that UCP 1 flips long chain fatty acid anions and contradict the "cofactor" model of UCP 1 function.
Native uncoupling protein 1 (UCP 1) was purified from rat mitochondria by hydroxyapatite chromatography and identified by peptide mass mapping and tandem mass spectrometry. Native and expressed UCP 1 were reconstituted into liposomes and proton flux through UCP 1 was shown to be fatty acid dependent and GDP-sensitive. In order to investigate the mechanism of action of UCP 1, we determined whether hydrophilic modification of the ω-carbon of palmitate effected its transport function. We show that proton flux was greater through native UCP 1-containing proteoliposomes when facilitated by less hydrophilically modified palmitate (palmitate>ω-methoxypalmitate> ω-hydroxypalmitate with little or no proton flux due to glucose-O-ω-palmitate or undecanesulfonate). We show that non-proton dependent charge transfer was greater when facilitated by less hydrophilically modified palmitate (palmitate/undecanesulfonate>ω-methoxypalmitate> ω-hydroxypalmitate, with no non-proton dependent charge transfer flux due to glucose-O-ω-palmitate). We show that the GDP-inhibitable oxygen consumption rate in brown adipose tissue mitochondria was reversed by palmitate (as expected), but not by glucose-O-ω-palmitate. Our data are consistent with the model that UCP 1 flips long chain fatty acid anions and contradict the "cofactor" model of UCP 1 function.
In brown adipose tissue (BAT 1 ), dissipation of the proton electrochemical gradient (∆p) across the mitochondrial inner membrane by uncoupling protein 1 (UCP 1; also known as UCP and thermogenin) is the molecular basis of non-shivering thermogenesis in mammals, including human infants (1) (2) (3) (4) (5) . Consequently, UCP 1 acts as a major regulator of metabolic flux in BAT and as a heat regulator in the whole animal. UCP 1 has also recently been found in thymus tissue of rats and mice (6) where it's physiological function is still a matter of investigation.
Despite our knowledge about the physiological function of UCP 1 in BAT, the mechanism of its uncoupling action is still unclear (7) (8) (9) . What is clear is that there is a long chain fatty acid requirement for uncoupling activity and that this activity is purine nucleotide sensitive. Two models have been proposed for the fatty acid dependent mechanism of UCP 1 function. The first proposes that UCP 1 acts as a proton conduit across the mitochondrial inner membrane and, importantly, that fatty acids act as cofactors/activators providing an additional carboxyl moiety at a key intramembrane site, thus enhancing the rate of proton movement (8, 10, 11) . The second model, proposes a two step event, whereby the protonated fatty acids freely flip across the mitochondrial inner membrane, independently of UCP 1; protons dissociate from the fatty acids into the matrix and the resulting fatty acid anions are flipped back across (non-proton dependent charge transfer) the inner membrane by UCP 1 (7, 9, 12) . The strongest evidence for this "flippase" model comes from the observations that undecanesulfonate, which has a pK ~2, and is thus predominantly an anion at neutral pH, can be flipped by UCP 1 (13) (14) (15) . The key piece of evidence for the cofactor/activation model comes from an unsubstantiated report, cited in two reviews, that the "unflippable" glycolipid, glucose-O-ω-palmitate, activates native reconstituted UCP 1 (8, 10) . However, no original data were ever presented to substantiate this report nor has the synthesis, purity or stability of the resulting glycolipid ever been reported. In this study we set out to re-investigate the cofactor/activation model, by using a long chain fatty acid (palmitate) with hydrophilic additions to the ω-carbon. Two of the glycolipids were synthesis de novo, namely the aforementioned glucose-O-ω-palmitate (16) , and methoxy-O-ω-palmitate, the synthesis of which is described in a supplemental figure to this manuscript. If the "cofactor/activator" model is correct, modification to the ω-carbon of palmitate should not impair access of the α-carbon carboxyl to the intra-membrane site of UCP 1. The "flippase"model would predict that such modifications should hinder or at least not facilitate proton flux (and charge transfer flux) in UCP 1 containing liposomes, nor should they affect uncoupling activity in UCP 1 containing mitochondria, as such fatty acids are less likely to flip or be flipped across the mitochondrial inner membrane.
EXPERIMENTAL PROCEDURES
Tissue sources and isolation of mitochondria Wistar rats (Rattus norvegicus; 180-200 g) were provided by the BioResources Unit at Trinity College, Dublin. All rats were housed at room temperature and fed ad libitum. Mitochondria from brown adipose issue and whole thymus, were isolated by homogenisation followed by differential centrifugation according to the procedure of Chappell & Hansford (17) . Mitochondrial protein concentrations were determined by the reduction of FolinsCiocalteau phosphomolybdicphosphotungstic reagent according to the method of Markwell et al. (18) .
Polyacrylamide gel electrophoresis One-dimensional sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) under reducing conditions was used to examine UCP 1 after purification by hydroxyapatite chromatography (6, 19) . Proteins were detected by staining gels with colloidal Coomassie Brilliant Blue G-250 (20) . This stain is very sensitive (can detect 8-10 ng of protein in a single gel band or spot) and is compatible with the post-staining processing required for mass spectrometry (see below).
Oxygen consumption by nonphosphorylating brown adipose tissue mitochondria
Oxygen consumption rates were measured using an Oxygraph Respirometer (Oroboros TM , Innsbrück, Austria) as previously described (6, 21) . Mitochondria (1 mg/ml) were incubated at 37 0 C in medium containing 120 mM KCl, 5 mM HEPES-KOH, pH 7.4, 1 mM EGTA, 16 µM fatty-acid free BSA, 5 µM atractyloside, 5 µM rotenone and 1 µg/ml oligomycin. Non-phosphorylating (state 4) oxygen consumption rates were measured as the steady-state rates achieved on addition of 7.5 mM succinate (succinate-KOH, pH, 7.4). The sensitivity of this state 4 oxygen consumption rate to GDP (500 µM) was then determined. The sensitivity of the resulting oxygen consumption rate to palmitate or glucose-O-ω-palmitate (in ethanol) (64 µM)(~40 nM free) was then determined. Finally, the mitochondrial uncoupler 2,4-dinitrophenol (DNP; 4 µM) was added to the chamber to determine the maximum oxygen consumption rate attainable due to uncoupling. The Oxygraph Respirometer was calibrated according to the procedure of Reynafarje et al. (22) assuming that 406 nmoles of oxygen atoms were dissolved in 1 ml of ionic incubation medium at 37 0 C.
Purification of UCP 1 from rat mitochondria
Purification of UCP 1 was performed using an hydroxyapatite (HTP) column chromatography procedure as described by Lin & Klingenberg (23) with slight modification. Intact thymus or BAT mitochondria (8-10 mg) suspended in STE buffer, (250 mM sucrose, 5 mM Trizmabase, 2 mM EGTA, pH 7.4) were centrifuged at 22,600 x g for 10 min at 4 0 C.
The mitochondrial pellet was solubilised in 13% (v/v) pentaethylene glycol monooctyl ether (C 8 E 5 ) in STE (total volume ~500 µl) and incubated on ice for 10 min prior to loading the solubilised mitochondrial proteins onto a HTP column. The column was prepared by soaking 0.34 g of HTP in 10 ml of STE buffer, pH 7.4, at 4 o C, for 6 hours prior to pouring it into a 1 ml column (BioRad; diameter 1cm, length 6 cm). The soaking solution was removed from the column by centrifugation at 800 x g for 2 min at room temperature immediately prior to loading of the mitochondrial proteins. The HTP column, containing the solubilised mitochondrial proteins, was incubated at room temperature for 10 min (to denature the adenine nucleotide carrier) followed by 25 min incubation at 4 o C. The column was then centrifuged at 800 x g for 2 min to remove the HTP eluate (UCP 1-enriched fraction), leaving behind the unwanted bound proteins. The protein concentration of the HTP eluate was determined (18) and the C 8 E 5 detergent was removed using a Biobead (BioRad) column.
The Biobead column was prepared by placing 2 ml of Biobeads (suspended in distilled/deionised H 2 O) into a 2 ml syringe barrel and allowing them to settle. The H 2 O was removed from the Biobeads by centrifugation at 800 x g for 2 min. The Biobeads were equilibrated in ~2 ml of STE buffer (pH 7.4) for 30 min prior to use and were further centrifuged at 800 x g for 2 minutes to remove excess STE buffer. The HTP eluate was loaded onto the Biobeads with gentle mixing and incubated for two-hours at 4 °C with periodic slight agitation using a vortextype mixer. The Biobead column was centrifuged at 800 x g for 2 min and the protein eluate was collected. The protein concentration of this elute was determined and approximately 5-10 µg of protein were analyzed by SDS-PAGE and colloidal Coomassie Brilliant Blue G-250 staining.
Expression of human UCP 1 in E. coli
Human UCP 1 open reading frames were amplified by PCR and inserted into the pET 21d vector (Novagen). Plasmids were transformed into E. coli strain Rosetta pLysS (Novagen). Transformation and expression were undertaken as described in Cunningham et al. (2003) . The transformed colony was amplified overnight at 37 0 C and diluted to an OD 600 = 0.4-0.8. Expression was induced with isopropyl-β-D-thiogalactopyranoside at 30 0 C for 2h. Cells were harvested at 10,000 x g and bacterial pellets frozen at -80 0 C.
Extraction of huUCP 1 from inclusion bodies
Extraction of huUCP 1 from E. coli inclusion bodies was performed essentially as described by Jabůrek and Garlid (24) . The pelleted inclusion bodies (about 2 mg of protein) were washed two times in sodium salts of 0.15 M phosphate, 25 mM EDTA, 10 mM dithithretiol, 0.2% sodium laurylsarcosinate (sarcosyl), pH 7.8, and centrifuged at 14,000 x g for 10 min. The resulting pellet was resuspended in 4 ml of 50 mM CAPS, 25 mM dithiothretiol, 2 mM phenylmethylsulfonyl fluoride, 10% glycerol, 2% sarcosyl, pH 10.0 adjusted by the addition of Tris base. After 30 min incubation at room temperature, the extract was centrifuged at 14,000 x g for 10 min to remove unsolubilized particles. The supernatant was diluted rapidly in 6 ml of 10% glycerol, 1% Triton X-114, and 1mM ATP. This mixture was incubated for 2 h at 4 0 C with mixing. To remove sarcosyl, the extract was either dialyzed or passed through a 2.5 ml Dowex 11A8 column (flow rate 0.5 ml/min). The collected protein was supplemented with 5 mg/ml phosphatidylcholine and 1 mM ATP. After 2h incubation at 4 0 C, the extract was concentrated two-fold in a Millipore Ultrafree-15 centrifuge filter device. 1ml aliquots were stored at -20 0 C.
Reconstitution of UCP 1
Reconstitution of native and expressed protein was performed essentially as described in Jabůrek and Garlid (24) . Essentially, phospholipids (asolecithin supplemented with 5% cardiolipin, or 100% phophatidycholine) were dried under nitrogen and stored under vacuum overnight. The dried phospholipids were solubilized with detergent, pentaethylene glycol monooctyl ether (C 8 E 5 ), to which protein and fluorescent probe were added. The protein/lipid mixture was incubated with Bio-Beads SM-2 (Bio-Rad) to remove detergent and form vesicles. The vesicles were passed through a Sephadex G-50-300 column to remove external probe.
Fluorescent measurements of ion fluxes
Ion flux in proteoliposomes was measured using a Perkin-Elmer LS 55 spectrofluorimeter essentially as described by Jabůrek et al. (14) . 
Sample preparation for mass spectrometry
A 30-33 kDa colloidal Coomassie Brilliant Blue G-250 stained protein band was excised from a 1-D SDS-PAGE gel ( Figure 1A) and was transferred to a 1.5 ml Eppendorf microcentrifuge tube (previously autoclaved and rinsed with 50% HPLC grade methanol to remove any contaminants) containing 100 µl of 20% (w/v) ammonium sulphate. The excised band was de-stained for two days in several washes of 50% (v/v) methanol/5% (v/v) acetic acid), dehydrated with acetonitrile, reduced for 30 min with 10 mM dithiothreitol at 56 ˚C and alkylated for 30 min with 100 mM iodoacetamide at 45 ˚C as described previously (32). The carboxyamidomethylated protein band was digested overnight at 37 ˚C with 40 µl of 20 ng/µl sequencing grade, modified porcine trypsin according to the manufacturer's directions (Promega, Madison, WI). Peptides were extracted from the gel using a series of elutions with 10% (v/v) formic acid. The resulting eluate pool was reduced to a final volume of 20 µl in a Speed Vac Concentrator (Savant, Hicksville, NY) and processed for mass spectrometry.
Peptide mass mapping and sequencing Peptide mass mapping and sequence determination was performed using matrix-assisted laser desorption ionization time of flight, time of flight (MALDI TOF/TOF) mass spectrometry. A 5 µL amount of the trypsin-digested sample was desalted and concentrated using a ZipTip C18 (C18 resin; P10, Millipore Corporation, Bedford, MA). The peptide mixture was eluted from the ZipTip with 1 µL of 50% acetonitrile, 0.1% TFA and spotted onto a stainless steel Opti-TOF sample plate (Applied Biosystems, Foster City, CA). The sample was dried and overlaid with 1 µL alpha-cyano- 
Synthesis of glucose -O-ω-
palmitate and ω−methoxy-palmitate.
The detail experimental procedures for the synthesis of glucose-O-ω-palmitate are reported in Gouin et al. (16) . Glucose-O-ω-palmitate is stable under ionic conditions and at neutral pH and was shown by NMR quantitation to be >93% pure. The pathway for the synthesis of methoxy-ω-palmitate is shown in supplementary figure 1 (Scheme 1).
RESULTS
Hydoxyapatite chromatography procedures previously used for purification of UCP 1 from hamster BAT (23) were adapted for rat BAT and identification of the purified protein was determined using mass spectrometry. After 1-D SDS-PAGE and staining with colloidal Coomassie Blue G-250, a distinct broad band of approximately 30-33 kDa (the expected mass of UCP 1) was observed ( Figure 1A) . The stained band was excised using a scalpel and tryptic peptides prepared for analysis. Seven peptides were identified using MALDI-TOF/TOF MS by peptide mass mapping by comparison with previous UCP 1 MS data (6) or by TOF/TOF analysis of the three most intense peptides in the peptide mass fingerprint spectrum. (Fig. 1B) . With the latter, BLAST searching of nonredundant databases with the peptide sequences unequivocally identified mitochondrial brown fat uncoupling protein 1 (UCP 1) from Rattus norvegicus.
Native UCP 1 from rat and recombinant, expressed huUCP 1 were reconstituted in liposomes and shown to be functional. This is illustrated in Figure 2 which Figure 2 shows a sample trace of proton flux data for liposomes containing native BAT UCP 1, native thymus UCP 1 and expressed human UCP 1, in the presence of laurate.
In order to re-investigate the cofactor/activation model of UCP 1 activity, we first used proteoliposomes containing native UCP 1 from rat brown adipose tissue and looked at the effect of modifying the ω-carbon of palmitate on UCP 1 activation.
Theoretically, modifications to palmitate at the ω-carbon should make no difference to proton flux measurements in UCP 1 containing proteoliposomes when compared to palmitate alone, as these modification should not hinder access of the α-carbon carboxyl to the intra-membrane site. The structures of fatty acids used in this study (undecanesulfonate, palmitate, ω-hydroxylpalmitate, ω-methoxypalmitate and glucose-O-ω-palmitate) are presented in Figure 3 . Figure 4A shows sample traces of proton flux data for palmitate, glucose-O-ω-palmitate and undecanesulfonate in the presence and absence of GDP, for liposomes containing native rat BAT UCP 1. Figure 4B shows sample traces of proton flux data for palmitate, ω-hydroxylpalmitate and ω-methoxypalmitate in the presence and absence of GDP, for liposomes containing native rat UCP 1. Figure 4C summarises proton flux data (µmoles H + /min/mg), in bar-chart format, for vesicles containing reconstituted native rat UCP 1 in the presence of the fatty acid (analogues). The rates for palmitate (9.9 ± 0.7) were greater than those for ω-methoxypalmitate (7.6 ± 1.3), ω-hyroxypalmitate (3.5 ± 1.0), glucose-O-ω-palmitate (0.7 ± 0.1) and undecanesulfonate (0.03 ± 0.03). There was a significant difference in the rate of proton flux in the presence of palmitate compared with glucose-O-ω-palmitate (p = 0.0001). The rates in the presence of GDP are also shown. As expected, there was a significant difference (p = 0.001) in the rate of proton flux when comparing palmitate in the presence and absence of GDP. There was no significant difference in the rate of proton flux when comparing glucose-O-ω-palmitate in the presence and absence of GDP.
Non-proton dependent charge transfer assay is used as a measure of "flippase" activity and was also investigated. Figure 5A Figure 5B shows collated data for non-proton dependent charge transfer flux (µmoles K + /min/mg) for vesicles containing reconstituted native rat BAT UCP 1 in the presence of fatty acid analogues. The rates for palmitate (34.8 ± 3.9) were greater than those for undecanesulfonate (30.7 ± 1.4), ω-methoxypalmitate (27 ± 10), ω-hyroxypalmitate (14.4 ± 1.8) and glucose-O-ω-palmitate (3.0 ± 1.8). There was a significant difference in the rate of nonproton dependent charge transfer flux in the presence of palmitate compared with glucose-O-ω-palmitate (p = 0.0012). The rates in the presence of GDP are also shown.
As expected, there was a significant difference in the rate of charge transfer flux for palmitate in the presence and absence of GDP (p = 0.0012) and undecanesulfonate in the presence and absence of GDP (p= 0.0001). There was no significant difference in the rate of charge transfer flux for glucose-O-ω-palmitate in the presence and absence of GDP.
The dependency of UCP 1 function on long chain fatty acids can also be observed in BAT mitochondria. Figure 6A shows that the non-phosphorylating oxygen consumption rates (state 4; expressed as picomoles of dioxygen atoms per minute per mg mitochondrial protein) of BAT mitochondria is inhibited by addition of 500 µM GDP (from 1512 ± 48 to 1078 ± 52). The oxygen consumption rate was subsequently and significantly stimulated by nanomolar amounts of palmitate (~40 nM free fatty acid) to 1535 ± 92 (p = 0.0003). These rates are close to the maximal uncoupled rate of 1553 ± 92 induced by the addition of 2,4-dinitrophenol (DNP). In contrast, figure  6B shows that non-phosphorylating oxygen consumption rate (1486 ± 63), inhibited by GDP (1057 ± 63) is not stimulated (978 ± 47, p = 0.332) by addition of glucose-O-ω-palmitate. The lack of activation by glucose-O-ω-is not a result of mitochondrial dysfunction as a maximal uncoupled rate of (1339 ± 73) can be induced by the addition of DNP.
DISCUSSION
We have purified native UCP 1 from rat BAT mitochondria and have confirmed the identity of the protein by mass spectrometry. Gel electrophoresis of the isolated material followed by staining with colloidal Coomassie Brilliant Blue, revealed a single broad 30-33 kDa band, in correspondence with the predicted molecular mass of UCP 1 (33,458 Daltons).
MALDI-TOF mass spectrometry results revealed uncoupling protein 1 from rat to be present in the purified fraction. The mass spectrometry results for UCP 1 from rat brown adipose are consistent with those presented by us for UCP 1 purified from rat thymus mitochondria (6) . UCP 2 or UCP 3 protein, both of which are known to be expressed in brown adipose tissue, (6, 19, 25, 26) were not detected.
Although hamster BAT is the usual source of native UCP 1 for reconstitution studies (8, 10, (13) (14) (15) , .we showed here, that native BAT UCP 1, native thymus UCP 1 and expressed recombinant human UCP 1 can be reconstituted to give a functionally competent transporter.
Our success in expressing human UCP 1 is probably due to the selection of a strain of E. coli (Rosetta), which preferentially uses human codons.
In order to re-investigate the evidence for the cofactor/activation model of UCP 1 function, we used liposomes containing native rat BAT UCP 1, the principle behind the experiments being that the hydrophilic modifications at the ω-carbon of palmitate should have no effect on the ability of the palmitate α-carboxyl to "activate" UCP 1 if the cofactor model is correct. On the other hand, such modifications should impede or at least should not facilitate proton and/or charge transfer in the "flippase" model. Of the fatty acids used, undecanesulfonate has a low pK (~2) and thus exists predominantly in the ionized state at neutral pH. It has been shown previously to facilitate charge transfer but not proton leak in reconstituted systems (27) . Palmitate is known to facilitate UCP 1 function in mitochondria and in artificially reconstituted systems (6, 10, 27) .
In addition, ω-hydroxypalmitate been used previously in reconstituted systems and has been shown to partially facilitate proton flux and charge transfer (10, 27) . We also synthesized two compounds: glucose-O-ω-palmitate (16) and ω-methoxypalmitate, the former having a large hydrophilic moiety at the ω-end of the fatty acid, the latter more hydrophobic than that of the hydroxyl group.
Our results clearly showed that the initial rate of change in proton concentration with time, in proteoliposomes containing native UCP 1, was greatest for palmitate, less for ω-methoxypalmitate and less again for ω-hydroxypalmitate, glucose-O-ω-palmitate and undecanesulfonate. The collated data showed that the increased proton flux was coincident with the hydrophobic nature of the modification to the ω-carbon of palmitate. tThis was also supported by the complete absence of transport as predicted for undecanesulfonate. That is to say, no modification of the ω-carbon of palmitate yielded faster rates than the methoxy group modification, which was faster than the hydroxyl group modification, which in turn was faster than that obtained with glucose-O-ω-palmitate modification.
Glucose-O-ω-palmitate gave a rate approximately one fourteenth that of palmitate and there was no significant difference in the rate due to glucose-O-ω-palmitate in the presence or absence of GDP. Thus we conclude that glucose-O-ω-palmitate cannot facilitate proton conductance through UCP 1 in proteoliposomes.
The GDP-sensitive, fatty-acid dependent, non-proton dependent, charge transfer assay using reconstituted UCP 1 has been used as a measure of the 'flippase' activity of UCP 1 (9) . We showed that undecanesulfonate is 'flippable' on UCP 1, as has been shown by others (27) , and at a similar rate to palmitate, as expected. The increased charge transfer rate or 'flippase' rate was coincident with the hydrophobic nature of the modification to the ω-carbon of palmitate, ie. the absence of modification of the ω-carbon of palmitate, yeilded faster rates than the methoxy group modification, which was faster than the hydroxyl group modification, which in turn was faster than glucose-O-ω-palmitate modification. In fact, glucose-O-ω-palmitate gave a rate approximately one fourtieth that of palmitate and there was no significant difference in the charge transfer rate due to glucose-O-ω-palmitate in the presence or absence of GDP ( Figure 5 ). We conclude that glucose-O-ω-palmitate cannot facilitate fatty acid-dependent charge transfer through UCP 1 in proteoliposomes.
Our data in proteoliposomes are also consistent with our data for isolated mitochondria from rat BAT. We showed that glucose-O-ω-palmitate, unlike palmitate, could not reverse GDP-inhibited UCP 1 function in isolated BAT mitochondria. Thus we conclude that glucose-O-ω-palmitate cannot facilitate uncoupling through UCP 1 in mitochondria from BAT.
Taken together, our data show that hydrophilic modification of the ω-carbon of palmitate reduced or abolished the ability of palmitate to facilitate UCP function. Glucose-O-ω-palmitate cannot substitute for palmitate in facilitating proton flux through UCP1 in liposomes, charge transfer through UCP 1 in liposomes or uncoupling in mitochondria, as would be predicted from the cofactor model and as was reported in the reviews by Klingenberg et al. (8) and Klingenberg & Huang (10) . We presume that the inability of glucose-O-ω-palmitate to facilitate proton flux in liposomes and mitochondria is due to its inability to flip or be flipped across the membrane, due to the nature of the large hydrophilic moiety attached to the ω-carbon of palmitate. We also presume that the inability of glucose-O-ω-palmitate to facilitate charge transfer in UCP 1 containing proteoliposomes is due to the fact that glucose-O-ω-palmitate is not a substrate for UCP 1. Although our data are not consistent with the cofactor/activation model, they are consistent with the buffering model of UCP 1 function (7-9). 
